, ,
Total, ha.
1900-1920
447 000 [1921] [1922] [1923] [1924] [1925] [1926] [1927] [1928] [1929] [1930] [1931] [1932] [1933] [1934] [1935] [1936] [1937] [1938] [1939] 616 000 [1940] [1941] [1942] [1943] [1944] 25 000 [1945] [1946] [1947] [1948] [1949] [1950] [1951] [1952] [1953] [1954] 243 000
In the last war, Finland lost altogether about 287 000 ha. of cultivated land (2) . In order to make up for this loss, the Finns proceeded during the years 1945 1954 to clear approximately 243 000 ha. of new land, as indicated in the above table. Thus, the total area of cultivated land in Finland is at present still somewhat smaller than in 1939.
The population of Finland on January Ist, 1953 , was about 4 165 000, and the area of cultivated land per capita 0.60 ha. (6) . According to an estimate made in 1949, the population will grow to about 4 406 000 by 1970, about 4 735 000 by 1990 , and to about 4 863 000 in the year 2000 (1) . As, on the other hand, it is estimated that the maintenance of self-sufficiency in respect to agricultural produce would require a cultivated area of approximately 0.75 ha. per capita (3), continued land clearance operations are essential, if only to raise the degree of self-sufficiency to a satisfactory level. If, in addition, it is desired to expand the productive land area in ratio to the growth in population, there would have to be about 3 200 000 ha. of The following is a report on the experiences gained in Finland during the past ten years in the reclamation of swamplands and on the mechanical methods used in the work.
Drainage Operations
In a drainage project the first task is the levelling of the surface of the reclaimable swamp and the determining of the thickness of the peat layer and the quality of the subsoil. In drainage the peat loses a considerable part of its water content and this, in turn, causes a sinking of the surface, which reduces the thickness of the peat layer, depending on its quality, by between 10 and 40 %. This shrinkage must especially be taken into account, together with the slope of the substratum, in the planning of any system of discharge drains, to ensure that these drains will be at the lowest points even after the sinking has taken place, and that their slope remains as planned. The surface of a swamp continues to sink each year as a result of tillage from 0.5 to 1.5 cm., and this factor must likewise be taken into account in planning drainage operations. In the digging of discharge drains, excavators ( Fig. 1.) In the digging of small discharge drains it is also possible to use excavators (Fig. 2) .
If the digging of feeder drains is done by hand, the work can generally be under- (Fig. 3) . These ploughs are capable of giving satisfaction even in swamps class fitted with a winch are used as draught machines. In wet peatlands lacking a firm surface it is necessary to increase the carrying capacity of the tractor tracks by adding wide wooden shoes bolted on tracks a measure that, however, raises the ditching costs to some degree. The machine labour operating costs have been [30] [31] [32] [33] [34] [35] Fmks./rm. Since, in addition, it has been necessary to resort to manual labour in digging the ends of the drains, and, particularly, in cleaning out the ditches in wooded areas, extra costs are involved, amounting on an average to about 10 Fmks./rm.
In areas of mineral soil and shallow layers of peat turning into swamp, as well as in swamps with thick layers of peat but few snags and stumps, it is possible in the digging of open ditches to use also strongly built open ditch plows designed for reclamation work in ordinary mineral soil, such as e.g. the Liitso-model ploughs built by the Pellonraivaus Oy (Fig. 4) The labour costs vary according to the expenditure of labour between 3 000 and 10 000 Fmk. /ha., the average being 6 500 Fmk. /ha.
Removal of Stumps
In swamps with thick layers of peat, stumps generally present no special problem, inasmuch as such areas seldom have stands of trees of such thickness that their * These and the subsequent statistical data relate to operations carried out by the Pellonraivaus Ov stumps would be an obstruction to clearance operations. In swamps with thin layers of peat and in areas of mineral soil turning to swamp, however, stumps often have to be removed, and this operation generally involves two stages of mechanized labour.
Tearing stumps loose is carried out in mineral soil with machines of the Caterpillar Dg and D 7 class, equipped with a rake blade bulldozer, and these machines represent the standard model for such work. In swamplands with a weak carrying capacity, however, the use of such machines leads to difficulties because they often sink into the mire and because the transportation of the machines is expensive and cumbersome when the small supplementary pieces of land typical of Finland's current clearing activity are involved. In the removal of stumps light caterpillar-type tractors equipped with »stumpforks» (two-prong stumper) are being icnreasingly used. The stumpfork, a double pronged mechanically controlled stumper, is attached to the front of the tractor (Fig. 5) In the treatment of stumps the second mechanized stage is the earth removal operation. Its purpose is to shake off the earth clinging to the stump when it is forced out of the ground. As pointed out above, such an operation is not generally necessary when stumpforks are used, since the stumps immediately rise up free of clinging earth. In removing stumps with bulldozers, however, it is usually needed. As the earth clinging to the stumps much more easily drops off, owing to the effects of frost, when the earth removal operation is performed the summer after the removal, this procedure is generally to be recommended.
In connection with the earth removal operation, the piling of stumps for burning can also be carried out. In small fields the stumps are generally shoved away from the area altogether. If, on the other hand, large areas to be cleared are involved, the stumps are piled up and burned on the spot.
The clearing away of rocks can be combined with the earth removal operations when there is not a great abundance of rocks in the area.
In certain cases even the cleansing of stumps can be performed with a stumpfork, although only a few such operations have been done so far.
According In areas of mineral soil reclamation ploughing can generally be carried out only after the burning of the stumps. In wet peatlands, however, when there are no large stumps, ploughing is performed immediately after the thickets have been cut away.
As five-ton caterpillar-type tractors and heavy-duty specially constructed land clearing ploughs are generally used as draught machines, stumps less than 15 cm. in thickness ordinarily constitute no obstruction to ploughing (Fig. 6 ). This kind of pioneer ploughing of wet peatland, which has been preceded by no removal of stumps, is accordingly termed land clearance ploughing.
The greatest difficulty in the ploughing of wet peatlands is their low carrying capacity and the consequent bogging down of power machinery, which is especially common when there has not been sufficient basic drainage. In order to prevent sinking, the draught machines are provided with wide wooden track shoes bolted on tracks. As the durability of such shoes is small, particularly when operating in stumpfilled areas, and as attaching them involves considerable extra work, their use adds to the ploughing costs to the extent of 1 500-2 000 Fmk. /ha. Usually, reclamation harrowing is therefore carried out with heavy disc harrows, the diameter of the discs being about 60 cm. Five-ton caterpillar-type tractors provide the draught power. The harrowing is mostly done at least twice. If the bog is »sinewy» or if there is peat in the surface layer that has not become muddy, it is generally advantageous to use disc harrows with toothed edges on the discs (Fig. 7) . These harrows, which are heavier than ordinary disc harrows, generally require caterpillar-type tractors in the 9-ton class to supply the draught power. In some cases reclamation ploughing can be entirely replaced by the soil prepara tion accomplished by such harrowing, though, this can be done only under extremely favourable conditions and when the peat has throughout almost turned into mud.
According to statistics dating from [1953] [1954] , and covering a total of about 5 800 effective working hours of reclamation harrowing, the average expenditure of labour was 3.6 effective working hours/ha., and the average mechanical operation costs 6 100 Fmk. /ha., with the harrowing being performed in general at least twice.
Developing the Equipment and Methods
Preliminary measures for the starting of mechanized clearing operations were taken in 1940 
